ABSTRACT
INTRODUCTION
Wireless communication systems have been revolutionized for not only human interaction with each other but also machine-to-machine interaction in many areas of application. One of these applications is using Wireless Sensor Networks (WSN) for monitoring and tracking. Due to the recent and continued advances in wireless communication and embedded micro-sensing (MEMS) technologies, WSN had grown tremendously for the past few years [1] , [2] . This network, containing hundreds or thousands of sensor nodes, t acquires much attention due to its ubiquitous capability to support wide range of applications. The main challenge in WSN is to minimize energy consumption in each sensor node. Many researchers concentrate on the routing protocol that would consume less power and hence prolong network's life span. Wireless ad hoc network routing protocols have been proposed for routing protocols in WSN. Some of them were proactive and designed for static network like Destination Sequenced Distance Vector (DSDV) [3] , some were reactive and designed for mobile network like Dynamic Source Routing (DSR) [4] , and some was hybrid protocol like Ad hoc On Demand Distance Vector (AODV) [5] . However, these protocols are not suitable for WSN because they require higher power consumption and not suitable for tiny, low capacity and batteryoperated sensor nodes [6] . Thus, the authors in [7] have recommended designing new routing protocols for WSN that has different specifications compared to ad hoc network.
Flat-based multi-hop routing protocols, designed for static WSN [8 -12] , have also been exploited in WSN mobile nodes. However, they lack the strategy to control mobility. The multi-hop protocols that link nodes along the path may break when the nodes are mobile. Similarly, hierarchical routing schemes [13 -17] also could not support mobility in WSN. Only Low Energy Adaptive Clustering Hierarchy -Mobile (LEACH-Mobile) protocol presented in [18] able to support mobility in sensor node by adding its membership declaration to the LEACH protocol [13] .The idea behind this membership declaration is to confirm the inclusion of sensor nodes in a specific cluster in steady state phase. The cluster head will send data request to its member nodes, however, packet is considered loss when the cluster head does not receive data from its member nodes. The membership of the sensor node under this cluster head will be lost. Sensor node which does not receive request from its cluster head realizes that it has moved out from its cluster. It then sends the join message to nearby cluster heads in order to join into the new cluster and avoid losing more packets. Due to the ordinary manner of LEACH-Mobile protocol, in which sensor node membership is determined during two consecutive frames, the packet will be considered loss in twofold whenever each sensor node moves out from its cluster. Although LEACH-Mobile support mobility in WSN and outperform LEACH in mobility centric environment, LEACH-Mobile has high packet loss and high power consumption.
In this paper, we propose a new low packet loss technique with efficient power consumption routing protocol for WSN. This proposed routing protocol is called Cluster Based Routing protocol for Mobile Nodes in Wireless Sensor Network (CBR Mobile-WSN). In our proposed protocol, the cluster head sends data request message to its members. When the cluster head does not receive data from its members, the packet is considered loss and the cluster head consequently discharges the sensor node's membership, at the end of the frame. On the other hand, when the sensor node does not receive data request message from the cluster head it will try to establish new membership with new cluster to avoid loss packets. When the sensor node receives data request message from cluster head but it has no data to send, the node will not occupy any time slot. Thus, the timeslot will be assigned to another member which has data to send. This adaptive protocol can avoid wastage of timeslot, hence ensure efficient bandwidth utilization. Each cluster head keep some free timeslot to enable other incoming nodes from other cluster to join its cluster. In energy efficient transmission, the transmitter will send the message according to the received signal strength of data request message from the cluster head.
The rest of the paper is organized as follows. We present LEACH-Mobile in Section 2. CBR Mobile-WSN protocol is proposed in Section 3 and implemented in section 4. We introduce the mobility and propagation model in Section 5. The simulation works and results are discussed in Section 6. Finally, this paper is concluded in Section 7.
LEACH-MOBILE
LEACH-Mobile has been designed to support mobility for applications where fixed sensor nodes are mixed with mobile sensor nodes. It declares the membership of a cluster as they move, and confirms whether sensor nodes are able to communicate with a specific cluster head. The protocol consists of two phases; setup phase and steady state phase. In setup phase, the clusters heads are selected as in LEACH [13] , in which each sensor node chooses most appropriate cluster head according to received signals strength and then sends the join message to that cluster head. After the cluster head receives the join message from the sensor nodes, it will create a time division multiple access (TDMA) schedule and broadcast to its members. LEACH-Mobile protocol is shown in Figure 1 . Steady state phase is broken into frames; each node is assigned a timeslot to send data to the cluster head. Sensor node in LEACH-Mobile wakes up at the beginning of its timeslot and wait for data request message sent from the cluster head. If the sensor node receive data request message, it will send the data back to the cluster head. Otherwise it will go back to sleep mode until the next allocated time slot in the next frame. If no data request message is received it will once again send the join request message (join-ack message) to the nearby cluster heads. On the other hand, if the cluster head does not receive data from sensor nodes during two consecutive frames, the cluster head will remove the sensor node from its scheduling and assume that the sensor node had moved out of the cluster. At the end of each frame the cluster head sends announcement (advertisement) message upon receiving join request message from the sensor node.
Since LEACH-Mobile has fixed TDMA timeslot schedule, each node keep its allocated timeslot even if it has no data to send or move out of the cluster. When sensor nodes from other cluster enter a new cluster, it cannot join the cluster because all the time slots are reserved. Figure 2 shows the sensor node joining the new cluster under the conditions described below:
• If sensor node does not receive data request message from its cluster head in last two frames.
• If the new cluster head sends announcement (advertisement) message to the node after receiving join request message (join-ack message) from it.
• The sensor node sends registration message to the new cluster head.
• The cluster head sends TDMA schedule which contain timeslot assigned to the new mobile node to all members including new mobile node. 
THE PROPOSED CLUSTER BASED ROUTING PROTOCOL FOR MOBILE NODES IN WSN (CBR MOBILE-WSN)
LEACH-Mobile supports sensor nodes mobility in WSN by adding membership declaration to LEACH protocol. LEACH-Mobile outperforms LEACH in term of packet loss in mobility centric environment. However, the packet loss and power consumption in this protocol were high.
Since LEACH-Mobile is not a good technique to avoid packet loss our proposed CBR Mobile-WSN proposes new method to avoid that loss. The idea of this method is that, one of the cluster heads must be free to receive the packet from lost node that cannot receive data request message, hence unable send data to its cluster head. Each cluster head takes turn to be free which enable lost sensor nodes from any clusters to join the new cluster in order to avoid more loss of data.
In addition, sensor nodes in LEACH-Mobile wait for two consecutive failure frames in receiving data request message from its cluster head to decide that it has moved out of its cluster. On the other hand, CBR Mobile-WSN sets up registration phase as soon as possible to avoid further cumulative losses. The sensor node does not need to wait for two consecutive failure frames from cluster head to make decision but directly decides that it has moved out of its cluster after one frame. Thus, the data loss is reduced by sending its data to the new free cluster head, and sends join acknowledgment message to the cluster heads. The CBR Mobile-WSN protocol can be shown in Figure 3 . 
CBR Mobile-WSN Overview
CBR Mobile-WSN is cluster based routing protocol proposes to handle packet loss and efficiently use energy resources. In this protocol, cluster head receives the data not only from its members during TDMA allocated time slot but also from other lost sensor nodes during its free time, and each cluster head takes turn to be the free cluster head in the network. Consider the scenario shown in Figure 4 . If the sensor node does not receive data request message from its cluster head during TDMA allocated time slot it will send a message to the free cluster head to avoid the loss of message.
This protocol is query based routing protocol in After which upon receiving data request message from cluster head, sensor node will choose the minimal power to transmit the message and send the data back to the cluster head. If the node does not receive data request message from the cluster head, it will send the message to the free cluster head to avoid packet loss and it will send the registration message to nearby cluster heads. When the cluster head finishes receiving data messages from all sensor nodes, it will check whether it receives data messages from all members, and then removes the nonreceiving sensor nodes. After that, the new cluster head checks whether it receives registration message from lost sensor nodes, then it sends advertisement message to them. If the new cluster head receives a join acknowledgement message, it will then add the new sensor nodes to the list and send the TDMA time schedule to them.
Figure 4. Lost Node Sends to Free Cluster Head
Each sensor node wakes up one timeslot before its scheduled timeslot as illustrated in Figure 5 . If it is not assigned a timeslot in the previous timeslot (the timeslot is used by the owner or assigned mobile sensor node that enters the cluster), it will go back to sleep mode. If it is assigned a timeslot it will use this timeslot to send its data. After data has been sent it will go back to sleep mode until its scheduled timeslot as shown in Figure 6 . Our proposed protocol uses adaptive scheduling algorithm as illustrated in Figure 7 , in which timeslots of sensor nodes that have moved out of the cluster, (or timeslots of sensor nodes that have no data to send) can be reassigned to sensor nodes that are awake or have recently moved into the cluster. This adaptive scheme in CBR Mobile-WSN protocol behaves as follows:
• Enable the sensor nodes that enter the cluster to join the cluster as soon as possible.
• Achieve efficient bandwidth utilization by avoiding unnecessary wastage of timeslots.
• Avoid data loss that may happen while the sensor nodes are disconnected from the network for long time.
Figure 7. Adaptive Scheduling in CBR Mobile-WSN
In addition, when sensor node receives data request message from the cluster head, it will check the received signal strength. If the received signal strength is greater than the threshold, it will send the data back to cluster head using low transmission power. Otherwise it will send the data using high transmission power. This can reduce the power consumption in the network.
THE IMPLEMENTATION OF CBR MOBILE-WSN
Similar to LEACH, the proposed protocol is implemented in two phases, the setup phase and steady state phase. In setup phase cluster heads are elected and TDMA schedule is determined. In steady state phase sending data to cluster head takes place.
Setup Phase
In this phase each sensor node in the network will choose the most suitable cluster head according to received signal strength. It will send registration message to that cluster head to inform the cluster head that it will be one of its members. Upon receiving this message, cluster head will create TDMA schedule and send the schedule back to the members. The algorithm is discussed further in the following sections.
Setup Cluster Head Election
Some protocols like LEACH [13] used stationary (fixed position), but dynamically changing cluster head. Each sensor node in the cluster randomly becomes a cluster head. At the end of the round, another cluster head will be elected to be new cluster head for the next round. Same clustering model are used in TEEN [15] and APTEEN [16] . While in some environment where the sensor nodes are mobile, the cluster head is selected according to mobility factor [19] . The node with the smallest mobility factor in each cluster is chosen as cluster head. Other mobility environment as in LEACH-Mobile [18] cluster head assumed to be stationary (fixed position) and static in order to control mobility. In our proposed protocol we elect the cluster heads randomly. Similar to LEACHMobile the cluster heads are assumed to be stationary and static through the rounds.
Advertisement
After a cluster head has been selected, it broadcasts an advertisement messages to the rest of the sensor nodes in the network as in LEACH and LEACH-Mobile. For these advertisement messages, cluster heads use a Carrier Sense Multiple Access with Collision Avoidance Medium Access Control (CSMA/CA MAC) protocol. All cluster heads use the same transmit energy when transmitting advertisement messages. In this phase non-cluster head sensor nodes must keep their receivers ON in order to receive the advertisement message from their cluster head.
Decision
After non-cluster head sensor nodes have received advertisement messages from one or more cluster heads, sensor nodes compare the received signal strength for received advertisement messages, and decide the cluster to which it will belong. By assuming symmetric propagation channels, the sensor node selects cluster head to which the minimum amount of transmitted energy is needed for communication. In the case of a tie, a random cluster-head is chosen.
After deciding the cluster it will belong, the node sends registration message to inform the cluster head. This advertisement messages are transmitted to the cluster heads using CSMA/CA MAC protocol. During this phase, all cluster heads must keep their receiver on.
Schedule Creation
After cluster head receives registration messages from the nodes that would like to join the cluster, the cluster head creates a TDMA schedule based on the number of nodes and assigns each node a time slot of when it can transmit. This schedule is broadcasted to all the sensor nodes in the cluster.
Steady-State Phase
Once the clusters are created and the TDMA schedule is fixed, data transmission from sensor nodes to their cluster heads may begin according to their TDMA scheduled time slot. Upon receiving data request from the cluster head the sensor node switches on its radio transmitter, adjusts transmission power and sends its data. At the end of the transmission, the node turns off its radio, thus minimizing energy dissipation. However, the cluster head must keep its radio on so as to enable it to send data request messages, receive data from the sensor nodes and to send and receive other messages needed to maintain the network.
If the sensor node receives data request message from the cluster head, it will send its data back to the cluster head. In normal situation the protocol works as proactive, and sends data to cluster head in advance. If the sensor nodes did not receive data request message from its cluster head, it will send the message to a free cluster head.
MOBILITY OF SENSOR NODES
Random waypoint model which used to describe sensor nodes mobility in this paper is similar to that model used in [20, 21] , where each mobile node picks its direction at random from (0, 2π] and moves in that direction from its current position to a new position for a distance d with a speed v between [Vmin, Vmax], where d is exponentially distributed. If the node hits the boundary, it is reflected at the boundary. On reaching the destination the node pauses for a period of time, based on random variables and the process repeats itself as shown in Figure 8 .
In order to calculate the transmitting and receiving energy, our protocol uses first order radio model which described in [13] , [18] as shown in Figure 9 . In this model, transmitter and receiver dissipate Eelec = 50 nJ/bit to run the transmitter and receiver, with. The transmitter amplifier dissipating 100 pJ/bit/m. Equations 1 and 2 calculate the amount of energy dissipated in transmitting and receiving k bits message through a distance d between the transmitter and receiver. 
SIMULATION PARAMETERS
In order to evaluate the performance of CBR Mobile-WSN, we simulate CBR Mobile-WSN and LEACHMobile using MATLAB with the parameters shown in Table 1 . Performance parameters that are average power consumption and average delay in the proposed and LEACH-Mobile protocols are compared while increasing the number of mobile sensor nodes in one scenario and the speed of the nodes in another. Figure 10 shows the total number of packets received successfully as the number of mobile sensor nodes is increased. The CBR Mobile-WSN achieves significant improvement compared to LEACH-Mobile. However, as the number of mobile sensor nodes increases, the packets transmitted from that sensor also increase, hence increasing the probability of packet loss.
Adaptive scheduling and round free cluster head in CBR Mobile-WSN act as packet loss avoidance technique which enables the sensor nodes to send their data packets to the free cluster head immediately after discovering that they are lost. Registration phase occurs instantly after the sensor nodes receive data request message enable them to join new cluster head as soon as possible and avoid losing more data messages. Average Delay Performance Figure 13 shows the delivery ratio versus speed for both CBR-Mobile-WSN and LEACH-Mobile. It shows both protocols have slow drop in delivery ratio when the speed increases. This is because both protocols have the technique to allow sensor nodes to migrate through the network. The graph also shows CBR Mobile-WSN outperforms LEACH-Mobile in term of delivery ratio, this is because of two reasons: First, CBR Mobile-WSN enable mobile sensor nodes to register to new cluster head immediately when no data request message is received from the cluster head. On the other hand, in LEACH- Mobile, the node needs to send registration message to new cluster head when no data request message is receives for two consecutive frames. CBR Mobile-WSN enables lost sensor nodes to send its data to the free cluster head to reduce packet losses, while LEACHMobile has no such strategies to avoid packet losses. Figure 13 . Delivery Ratio Figure 14 shows the average delay for both CBR Mobile-WSN and LEACH-Mobile as the speed of sensor nodes is increased. CBR Mobile-WSN has higher average delay compared to LEACH-Mobile because when the speeds of sensor nodes are increased, the number of lost nodes may also increased. The time needed by these lost nodes to rediscover is increased. The average delay in LEACHMobile is approximately constant because it assumes packets are lost when the sensor node loses its scheduled timeslot, and hence, does not contribute delay to the network. 
CONCLUSIONS
Integrating mobility in WSN motivates researchers to design and improve routing protocol that can support sensor nodes mobility by reducing the effect of mobility. In addition to handling mobility these routing protocol should also be aware of energy consumption limitation in WSN. In this paper we propose adaptive scheduling with round free cluster head protocol called CBR Mobile-WSN. This protocol reduces the effect of mobility by decreasing packet loss by changing the TDMA scheduling adaptively and using round free cluster head. This protocol is also energy aware, as it reduces the energy consumption by transmitting with low transmission with minimal amount of energy power based on the received signal strength of data request message. The CBR Mobile-WSN protocol shows significant improvement in data transfer success rate and energy consumption in mobility environment compared to LEACH-Mobile protocol. 
